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We, Constructa-Wekke G.m.b.H.j a Ger- 
man body Corporate of Hansa-AIlee 305, Dus- 
seidorf-Obtrkassel, Western Germany, do here- 
by declare the invention, for which we pray 
that a patent may be granted to ns, and the 
method by which it is to be performed, to be 
particularly described in and by the following 
statement : — 

This invention relates to washing and spin- 
drying machines having a washing and drying 
drum mounted in a surrounding housing so 
that it is rotatabie about a substantially hori- 
zontal axis. It also relates to methods of 
operating such machines. 

With such washing and spin drying machines 
it is known to accelerate the drum from the 
washing speed to the spin-drying speed 
through an intermediate speed which remains 
constant for a short time. The machines have 
two driving motors, one being used to drive the 
drum at a low speed during washing and to 
accelerate the drum before spin-drying. To ob- 
tain the spin-drying speed, the washing motor 
is first operated and, after llie maximum speed 
of this motor has been reached, it is discon- 
nected and the spin-drying motor is started 
before the drum speed has dropped to any 
appreciable extent. 

In such- machines which are not anchored 
down, the drum and the surrounding housing 
sometimes together with the driving motors, 
are held in a frame in a resilient mounting 
so that they can vibrate. This is necessary in 
order to prevent the machine from becoming 
unstable as a result of uneven distribution of 
the washing in the drum during spin-drying. 
In any case, if the drum is to be operated at 
high speed, care must be taken to ensure that 
the washing is distributed as uniformly as 
possible over the inner surface of the drum. 
Particular care must be taken to ensure that 
this uniform distribution is brought about be- 
fore the start of spin-drying. 

With these washing and spin-drying 
machines which operate as centrifuges during 
_s^n-drying operations, it is necessary to avoid 



resonance of the rotating masses particularly 
if the masses rotating at diiferent speeds of 
rotation, for example the drum and the driv- 
ing motor, are rigidly connected together and 
the resultant system, in this example the drum 
system, is resiliently mounted in the machine 
frame. If the spin-drying speed is in the re- 
sonant range of the driving motor, damage to 
the machine is sure to occur sooner or later. 

It is of course desirable to make the spin- 
drying speed sufficient to remove the maidmum 
amount of water from the clothes. This speed 
cannot however be achieved in practice. With 
a speed sufficient to give a radial acceleration 
of 1000 g (1 g=9.81 metres per second per 
second)* ^e remaining moisture is still about 
33% of the dry weight of the washing. As 
the circumferential speed of the drum increases 
however, the power required by the spin-dry- 
ing motor also increases, assuming that the 
maximum spin-drying speed is reached in a 
constant time. 

The operation of the machine must there- 
fore be a compromise which ensures that the 
clothes are distributed reasonably uniformly 
over the inner surface of the drum while at 
the same time keeping the driving power of 
the spin-diying motor within economic limits 
and avoiding resonance of the high-speed 
drum and the driving motor. 

The requirements of the operation of the 
machine are : — 

a) uniform distribution of the clothes over 
the inqer surface of the drum before the speed 
is increased to the spin-drying speed; 

b) avoidance of resonance in the normal 
spin-drying speed range of the drum and the 
driving motor; 

c) maximum practical elimination of water 
from the washing; 

d) driving motor power kept within accep- 
table limits and wiliin the limits due to in- 
stallation conditions. 

With these requirements in view, a washing 
and spin-drying machine, comprising a drum 
which is rotatabie about a horizontal axis in 
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an outer housing and has a diameter of be- 
tween 450 mm and 550 mm, is operated by 
a method wherein the drum, when accelerated 
from the washing speed to the spin-drying 

5 speed has an intermediate speed which is kept 
constant for a certain period and imparts a 
radial accderation of between 1.2 and 1.6 g 
to the outside parts of the washing in the 
drum whilst the water in the housing is 

10 pumped away until the surface of the water 
in the housing no longer wets the washing in 
lite drum after which the speed is increased 
to a radial acceleration of between 270 and 
400 g, the pumping away of water from the 

15 housing continuing during spin-drying. 

By operating a washing machine in accord- 
ance with the invention, the crashing will be 
substantially uniformly distributed around the 
drum before the higli-speed spin-drying opera- 

20 tion starts and therefore the resiliently mounted 
drum system can be kept steady even ;vith a 
radial acceleration of between 270 and 400 g. 
Such an acceleration calls for a high circum- 
ferential speed for the drum in order to satisfy 

25 the condition of an optimum between the dry- 
ness of the clothes and the size of the driving 
motor, and in order to avoid resonance pheno- 
mena. It has been found that the water is 
eliminated from the clothes in dependence on 

30 the radial acceleration of the drum in the form 
of an exponential curve. The range from 270 
to 400 g for the radial acceleration of the 
drum produces between 55 and 65'/: water 
elimination from the clothes. It has been 

35 found that there is no point in increasing the 
spin-drying speed further because, on the one 
hand, a fimher increase, for example to 900 g, 
gives a furdier improvement of only 15 in 
5ie water elimination while the driving power 

40 would have to be increased by more than 
double, and on the other hand resonance 
phenomena occur between the rotating drum 
and the driving motor. While the drum is 
rotating at the intermediate speed, the liquid 

45 contained in the washing drum ensures uni- 
form distribution of the clothes provided that, 
in accordance with the invention, the radial 
acceleration of the washing drum is 1.2 to 
L6 g. The cycle of gyration of the clothes in 

50 this state of radial acceleration of the drum has 
a value which is only slighdy below Ig, so 
that the washing only slightly comes away 
from the walls in the top part of the dram 
and on immersion in the liquid assumes a new 

55 position around the inner wall of the^ drum 
owing to the resistance of the water. This pro- 
cess takes place as the level of the water drops. 
When the level of the water has dropped to the 
bottom of tlie drum, the speed is raised to its 

60 maximum. During the acceleration of the 
drum to the final spin-drying speed, the water 
still in the outer housing aas as a heavy mass 
and prevents any excessive vibration of the 
drum, particularly as the drum passes through 

65 the critical speed range. Operation of the pump 



for removing water from the drum is continued 
so that the drum is emptied not before the 
attainment, but after passage through, the criti- 
cal speed range. 

According to a further feature of the in- 70 
vention, the drum is operated with a reversing 
action during washing, but is operated in just 
one preferential direction during its rotation at 
the intermediate speed. The preferential direc- 
tion coincides with the direction of rotation 75 
last completed during the reversing washing 
operation. The spin-drying operation follows 
the intermediate speed without any pause and 
in the same direction of rotation. 

In accordance with another feature of the in- 80 
vention, a washing and spin-drying machine 
for carrying out the novel method comprises 
a washing and spin-drying drum having a dia- 
meter of between 450 mm and 550 mm 
mounted so that it can rotate about a horizon- 85 
tal axis in an outer housing, a pump for 
emptying water from the drum and housing 
and a split-phase dual-speed motor which to- 
gether with the housing is resilient mounted 
and which drives the drum through an in- 90 
finitely variable speed coupling, so that in con- 
junction with the coupling, the motor can 
drive the drum at the washing, intermediate 
and spin-drying speeds, the pump being auto- 
matically switched on to commence emptying 95 
the housing and drum when the speed of rota- 
tion of the drum is changed over from the 
washing to intermediate speeds. 

The motor is preferaliy operated with a 
varying direction of rotation during washing 100 
by a programme regulator and is switched to 
the intermediate speed by changing the motor 
poles through a conventional Dahlander cir- 
cuit arrangement. The infinitely variable speed 
transmission which may include a belt drive 105 
ensures that the drum is driven at the spin- 
drying speed. ITie motor runs at a constant 
speed" both when running at the intermediate 
speed and at the spin-drying speed. In this 
way three different speed ranges can be ob- 110 
tained for the washing and spin-drying drum 
with an extremely simple motor arrangement. 

An example of the method and washing 
machine in accordance with the invention will 
now be described with reference to the accom- 115 
panying drawings, in which: — 

Figure 1 is a diagrammatic section through 
the drum of the machine; 

Figure 2 shows a number of diagrams of 
the operations of the washing and spin-drying 120 
machine; • 

Figure 3 is a graph showing the effect of the 
drum speed or radial acceleration upon the 
residual moisture; and 

Figure 4 is a diagrammatic plan of the 125 
washing and spin-drying machine. 

Figure 1 shows the drum system which is 
mounted in the washing and spin-drying 
machine so as to be capable of vibration. The 
system consists of an outer housing 1 and a 130 
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perforated washing and spin-drying drum 2 
mounted therein so as to be rotatable about a 
horizontal axis. A driving motor 3 is fixed to 
the outer housing. In this example, the drum 

5 system is suspended in the machine frame by 
springs 4 and is carried by shock-absorbers 5 
from a baseplate 6, During spin-drying, the 
clothes 7 should be distributed as uniformly 
as possible over the inner periphery of the 

10 drum as illustrated. The total mass of the 
clothes may be imagined as being distributed 
around the circle of gyration S. During wash- 
ing, the liquid is kept at the level of the line 
9 and is lowered to the level of the line 10 

15 before spin-drying, that is while the drum is 
rotating at the intermediate speed. When the 
speed is increased for the spin-drying opera- 
tion, the liquid 11 at the bottom part of the 
container acts as an inert mass. The level 10 

20 continues to drop and the housing 1 is emp- 
tied before the maximum speed of the drum is 
attained. 

In the diagrams in Figure 2, the abscissa 
is time showing the progress of the washing 

25 programme while in (a) the ordinate is the 
speed n of the drum. In (h) the ordinate is 
the delivery F of the drum emptying pump. 
In (c) the ordinate is the level of liquid s. 
From Figure 2(a) it will be seen that dur- 

30 ing washing the drum is rotated at a low 
speed, for example 37 — 50 rpm^ and with an 
alternating direction of rotation. The areas 
12, 12^ illustrate the movement of the drum 
during the washing operation. On completion 

35 of washing, the motor is switched to the higher 
speed by pole changing at the point 13, liie 
pump also being put into operation, as shown 
in Figure 2(h). TTie intermediate speed, as 
shown at 14, is such that the radial accelera- 

40 rion in the circle of gyration 8 is kept slightly 
bdow that of gravity g. With a drum of radius 
n of 230 to 260 mm, a value of 210 to 230 
inm may be assumed for the radius of tiie 
circle of gyration. This condition is satisfied 

45 if a drum of radius of 250 mm is rotated 
at^ approximately 74 rpm. The water level, 
initially at the Ime 9, in the housing 1 drops 
contmually whilst the drum rotates at the in- 
termediate speed. The clothes are drawn apart 

50 by the resistance of the water and at this speci- 
fic speed are distributed, substantially uni- 
formly over the inner periphery of the drum. 
When the level of liquid has dropped to the 
periphery of the drum, as indicated by the 

55 level line 10 and the point 15 in Figure 2(0), 
then as indicated at 16 in Figure 2(a) the drum 
speed, as will be indicated in detail herein- 
below, is increased to 1,000 rpm and more, 
as shown in broken lines at 18 in Figure 2(a) 

60 is kept constant in these conditions, tiie in- 
crease in the drum speed being produced by 
an intermediate drive. 

As shown in Figure 3, the x-co-cordinate 
represents the speed of rotation of the drum 

65 during spin-drying and the y-co-ordinate the 



residual moisture as a percentage of the dry 
weight of the washing. The calculations are 
based on a drum of a radius of 250 mm. The 
curve shown in Figure 3 thus corresponds to a 
function of n or g. The motor for tlie drum 70 
is a pole-changing dual-speed motor controlled 
by a Dahlander circuit arrangement and pre- 
ferably rotates at two speeds, namely 1500 
rpm during washing and 3000 rpm during 
spin-drying. When the drum is operated for 75 
spin-drying, care must be taken to ensure that 
the frequencies of rotation of the drum on 
the one hand and of tlie motor on the other 
hand are not resonant. The driving motor is 
of the asynchronous type so that changes in 80 
speed are to be expected during spin-drying. 
The magnitude of these changes differs accord- 
ing to the loading and is normally not more 
than 10%. The half-frequency ^f is 1500 
rpm, the range of discontinuity due to asyn- 85 
chronous running extending as far as 1350 
rpm. The next harmonic frequency is ^ f at 
750 rpm, the range of discontinuity being 
-75 rpm. These discontinuity ranges are 
shown shaded with horizontal lines in Figure 90 
3. To ensure smooth running these ranges 
must be avoided. The optimum speed for 
spin-drying is an integral mean vate between 
the zones illustrated by the vertical lines 19, 
20 and the horizontal line giving the areas 21 95 
and 22. The point of intersection 25 of the 
horizontal line 23 and the curve 24 gives 
an optimum speed of approximately 1050 
rpm, as shown by the vertical line 26. At this 
point the radial acceleration is approximately 100 
295 g. As a result of the asynchronous opera- 
tion, however, this optimum speeed may fluc- 
tuate by ±: 10%, corresponding to an acceler- 
ation in the range from 260 to 360 g. At the 
point of intersection 25 the elimination of 105 
water from the clothes corresponds approxi- 
mately to 60% residual moisture. If a much 
lower residual moisture is to be obtained, tie 
speed would have to be increased at least to 
1600 rpm in order to escape the criticd range HO 
of the harmonic frequency, while the increase 
of about 600 rpm would give only a 15% im- 
provement in residual moisture and yet the 
driving power would be more than doubled. 
The result would therefore be out of aU pro- 115 
portion to the expenditure. It has been found 
that with a machine with the above-mentioned 
drum size there is really only one optimum 
spin-drying speed range which has an opti- 
mum value and at whidi a resonant rise of the 120 
vibrations of the rotating masses is reliably 
avoided. 

As shown in Figure 4, the smgle driving 
motor 3 carries on a driving shaft 27 an ad- 
justable V-belt pulley 28 which is in line with 125 
a similarly adjustable V-belt pulley 29. Con- 
nected to the pulley 29 is a belt transmission 
consisting of belt pulleys 30 and the pulley 31 
driving a shaft 32 fixed to the drum. A servo 
motor 33 engages and disengages, by means of 130 
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a lever 34, the halves 35 and 36 of the belt 
pulley 28. The halves of the belt pulley 29 
follow ±e movement in the reverse direction 
as is usual. The motor 3 is operated by way 

5 of leads 37 at a low speed of 37 rpm^ during 
washing. Two of the current phases are 
periodically changed over by a reversing unit 
38 so tiiat the motor 3 is operated with a re- 
versing action. After washing has been com- 

10 pleted, the current phases 37 are disconnected 
by the programme regulator and the motor is 
energised by way of leads 39. The driving 
motor 3 now operates with a small number 
of poles, tjie speed of rotation being increased 

15 to 3000 rpm. The variable transmission, con- 
sisting of the pulleys 28 and 29, operates 
as a step-down transmission in the iirst in- 
stance. As a result of the increased motor speed 
the drum is operated at twice the speed of 

20 rotation during washing and now rotates at 74 
rpm. The radial acceleration of the clothes at 
this drum speed is approximately 1 g, allow- 
ing for the m,ass distribution. Simultaneously 
with the changeover of the driving motor 3 to 

25 the higher speed the pump motor 40 is also 
switched on so that the level of liquid drops 
from the level line 9 to the level line 10 and 
furtier. As soon as the level of liquid in the 
housing and drum has dropped to the bottom 

30 of the drum, i.e. to the level line 10 so that 
the surface of the water no longer wets the 
washing in tihe drum, a switch consisting of 
contacts 42 and 43 is closed and this starts 
the servo motor 33. The sivitch is closed bv 

35 means of a Pitot tube 41 which commmii- 
cates witii the bottom of the housing and as 
the level of water in the housing and tube 
changes, the pressure of air trapped in^ die 
tube above the water level transmits a variable 

40 force to a diaphragm which is connected to 
the contact 43. When the water level and hence 
the air pressure drop sufficiently, the contact 
43 is lowered onto the contact 42 to close the 
switch. The two-armed lever 34 moves the 

45 pulley halves 35 and 36 towards one another 
as illustrated so that the belt runs on the peri- 
phery of the pulley 28 and on the hub of the 
pulley 29 and the coupling acts as a step-up 
transmission. The drum is now accelerated to 

50 a radial acceleration of approximately 260 to 
320 g for the clothes. During spin-drying the 
pump motor 40 is kept in operation so that 
the housing 1 is empty just after the maxi- 
murn speed is reached. After completion of 

55 spin-drying ttie programme regulator causes 
the servo motor 33 to operate in the reverse 
direction so that the pulleys 28 and 29 are 
moved back. The machine is ready for opera- 
tion for the next washing operation or a sub- 

60 sequent washing stage of the same operation. 
The servo motor 33 and the adjustable pul- 
leys 28 and 29 may be replaced by other vari- 
able speed transmissions. The adiustment of 
•die belt pulleys can also be produced by a 



hydraulic or magnetic device. The important 65 
factor is that one motor is used to drive the 
drum with a reversing action during washing 
and at an elevated speed after washing, and, 
by means of an adjustable or engageable in- 
termediate drive, to drive the drum at the 70 
maximum spin-drying speed. The driving 
motor 3 operates at a constant speed both 
during the intermediate speed operation and 
the spin-drying operation. 

The mediod according to the invention en- 75 
sures smooth running of the machine. The 
vibrations transmitted to the ground at the 
place where the machine is used can, iwwever, 
be further reduced by using hydraulic or air 
cushions instead of the otherwise conventional 80 
supports. The washing and spin-drying 
machine rests on supports 44 comprismg hyd- 
raulically extensible plungers. 

As soon as the machine is connected to a 
cold water pipe by way of a hose 46, water S5 
flows through a pipeline 47 to the supports 
44, the plungers 45 being extended and wheels 
48 being lifted from the ground. Vibrations 
occurring during operation are taken by the 
plungers^ 45, the pressure fluctuations in the w 
plungers due to vibrations or knocks being 
conveyed through a conduit 47 to the hose 
46. The flexible hose thus contributes to re- 
ducing the vertical vibrations transmitted to 
the floor. This surprising elfect in conjunction 95 
with the steps for reducing unbalance at high 
spin-drying speeds gives a smooth vibration- 
free operation of the washing and spin-drying 
machine under economic driving conditions 
and with optimum elimination of water 100 
from the clolJics. 

WHAT WE CLAm IS: — 

1. A method of operating a washing and 
spin-drying machine comprising a drum which 

is rotatable about a horizontal axis in an 105 
outer housing and has a diameter of between 
450 mm and 550 mm, wherein the drum, 
when accelerated from the washing speed to 
the spin-drying speed has an intermediate 
speed which is kept constant for a certain 110 
period and imparts a radial acceleration of be- 
tween 1.2 and 1.6 g to the outside parts of 
the washing in the drum whilst the water in 
the housing is pumped away until the surface 
of the water in the housing no longer wets the 115 
washing in the drum after which the speed is 
increased to a radial acceleration of between 
270 and 400 g, the pumping away of water 
from the housing continuing during spin dry- 
ing. 120 

2. A method according to claim 1, in which 
the drum is operated mih a reversing action 
during washing, and is rotated at the inter- 
mediate speed in the same direction as that 

hst occurring in the washing operation, the 125 
spin-drying operation following the rotation at 
the intermediate speed without any pause and 
in the same direction of rotation. 
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3. A method according to claim 1^ sub- 
stantially as described with reference to. the 
accompanying drawings. 

4. A washing and spin-drying machine for 
5 carrying out the method in accordance with 

claim 1, the machine comprising a washing and 
spin-drying drum having a diameter of be- 
tween 450 mm and 550 mm mounted so that 
it can rotate about a horizontal axis in an 

10 outer housing, a pump for emptying water 
from the drum and housing and a split-phase 
dual-speed motor which together with the 
housing is resilient mounted and which drives 
the drum throu^ an infinitely variable speed 

15 coupling so that in conjunction with the coup- 
ling, the motor can drive the drum at the 
washing, intermediate and spin-drying speeds. 



the pump being automatically switched on to 
commence emptying the housing and drum 
when the speed of rotation of the drum is 20 
changed over from the washing to intermedi- 
ate ^eeds. 

5. A machine according to claim 4, in 
which a servo motor which operates in depen- 
dence upon the water level in the housing con- 25 
trols the infinitely variable speed coupling. 

6. A machine according to claim 4, sub- 
stantially as described widi reference to the 
accompanying drawings. 

For the Applicants, 
GILL JENNINGS & EVERY, 
Chartered Patent Agents, 
51/52, Chancery Lane, London, W.Q2, 
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